








 !"  #∗ "  $ ∗
∗

  %  % " &













  		 
 	
		 	
	   	   
 		 




   	 		 		    	 
! 	 " 	   #! $%





 	    
& 	' !
 	 
  		 
 	
  (    	 	
   	      ( 	 
		
 	




 	   		
  




	  	 	  	




 	  		 
 	
 	  	 	    
  	
	   
&/ &	2%'*2&'	





















   "


    ")     )
456/
& "  " 





3)  ( )" 7 
("   ,)8 " 496/ -   
" 7  #, :" "

 1 :&1 1

 "1("  "








 " (  "  
, ") 
   

 "
    ( "/





 4=6  
 (  ,1

" () " ",
  )
 ("   )
,,#

     4>6/ 1(" " 
 ( )) 
 
 "/ 2 










  ),," (   *	$15@1=A&/ 	 	
 #
   :

  -) ,

/ 2
 ,B  
"
)"
   ), % )
 ;%< )"  ),
*
8 -
C 9D9D  " 

 , ; 




 %  #  
, 

  E ),
)
   E1'19D591&%1=5@==G/




" 4H6/ !) ))   " 
(
" 
 ,)8  ) :& /
I "  )(

   , 
 " ( "




   ( , ,










")   ,   "
(  "  
" (
"K "  "
 "," "   #, 
 ,
"K J  ,  )   
)
/
&&/ '%&I ' 2- '	2%'% &	 :2-'
I ,
"   
 ()  1(" 
"

 " )" 
 
 ,,/ 2 "  
"," 
 4@6 4G6 4F6/






























/ 2 " 
( )"  "
  B)  ,  ()
 , (1))  /
  	
   
  1, ,




x˙(t) = A(p(t))x(t) +B(p(t))u(t)
y(t) = C(p(t))x(t) +D(p(t))u(t)
, ;5<
    
 x(t) ∈ Rn  ),)  

y(t) ∈ Rk  
,)  
 u(t) ∈ Rm/ A(p(t)) ∈ Rn×n

   




C(p(t)) ∈ Rk×n 
  ),) 
# " D(p(t)) ∈ Rk×m

  " 
#/
2 )













*)  ,       

































 A0,B0,C0 " D0  ,   " 
","   , / &     J 
 S(p(t))  ;=< 
 3)  ;></
2  
, ,,




  "      

 / 2  
 "
" (  , 
p(t) ∈ Rq  
 ) 
 ;5<1;></ 2 p(t) 
  ()""

   
   1" ")
 ,1
/ 2  (  ;p = {p ∈ R, pmin ≤ p ≤ pmax}<
 ","   
( ;p(x) = {p(x) ∈ R, pmin ≤
p(x) ≤ pmax}<   

 




   / 2 p(t)  
 

(   7 
 
   B)  " ,
() )" ,,
   "    






























"  Rq "




) pi,max )   ")
 , pi(t)/ &








   ")
 ,














"  ( ,,




 " " (""" 
  p(t)   


     /
  	




   ( ," 
 
 
   




  (""" 
   p(t)/ !) 
 ,  
  J#"  pfixed/ & 
 
S(pfixed) (  
 2
 &
 ;2&< / !






2& / & ) ,




(  , )"
 2&   
 






  ,"J"  91 (" "

  ,"
 ,  
   4@6 4G6 4F6/
2 "
 (  )"
 2&  ;S(pi)
" S(pj)< 
    ( "
" ( e := ‖pi − pj‖2
4@6/ 2
 "
  ( #"". 
 
 ,
(  ) 

 )  "
   




 2&   < " 
)   S(p(t))/ & 
   "
 
  ; "




// e(t) := ‖pfixed − pvar(t)‖2 4@6/
& ) ,










"  , 
)) 
 
 (    ,  
 ("   
















    " (  ,







C   ))    "
   (   
   7 
,
  ,  ))  
"    

   2& / &
"







)   "   ;
 "1,<
     "  2& / 2
,,
  ( " ( )
 1"( 
4E6 4F6/
),,    "
"  1"( 1
     "
(" (   
u(t) = −Krefx(t)/ 2   
#   "1
,   
 Aref−BrefKref  
)
"J  "
    / I  
)   
  "
(" (   "
   "
     )  

)  Aref −BKref  3)   
) 
A(p(t))−B(Kref +K(t)e(t))   ,,
"  
 u(t) = −(Kref +K(t)e(t))x(t)/
!)  Aref − BKref ∼ A(p(t)) − B(Kref +
K(t)e(t))/ 2  λ(p(t)) 
)   "1,

 , ","  
# "  λ(pref )

)   "1,   
# (1




 4E6/ 2) ∀p(t)
λ(p(t)) = λ(pref ) 
 λ(p(t)) "  
) 
(A(p(t)) − B(Kref + Ke(t)))/ 2















// In×n/ & 
   3)

Aref − BKref = I−1(A(p(t)) − B(Kref + K(t)e(t)))I




 B)   







  / 2)  ,," , "(

 Kref +K(t)e(t) ,
"  3)
   
)

/ / λ(pref ) = λ(p(t))/
+"   3)
   
)   "1,
  K(t) 
#  ( )"   )

2&  ("   ) )   p(t).
K(t) =





2086 2017 12th IEEE Conference on Industrial Electronics and Applications (ICIEA)
2)    (
u(t) = (Kref +B
−1(Aref −A(p(t))))x(t). ;@<
2
   )   "
   "1,
 
 (  "
 ,
("   
 





 ,  Aref − BKref / 2
 
,
    )
  , p  "1,  
 (  










 "  ( )"  "
  ,
( ))  / ! ) " 
 ( 
( "
(" (  "





˙ˆx(t) = Fxˆ(t) +Gy(t) +Hu(t) , ;E<
  (  
# 
















" (  ,
(" 
)  F 45D6.
|sI− F| = |sI−A−GC| = |sI−A −CG| . ;G<

"  F = Aref − GrefC ∼ F(t) = A(p(t)) −
(Gref + G(t)e(t))C/ 2    
) 
λ(F(t)) " λ(F) ( 3) ")
 ,
/ 2) ∀p(t)
λ(F(t)) = λ(F) 
 λ(F(t)) "  
)  F(t) =
A(p(t))−(Gref+G(t)e(t))C/ 

















// F = I
−1F(t)I/ ! 
   
 ,  











  / 3)
   
)  ( "
 ) G(t).











   ( 





˙ˆx(t) = Fxˆ(t)+(Gref +(Aref −A(p(t)))C−1)y(t)+Hu(t)
;5D<
I






















   " 
      
  )(   







 "  ( (  ,, 
  ;@< 
        )(






 "  ( (  ,, 







  " ( "
 "
 ( )" 
  
" 
) 4@6 4G6 4F6/
 	     	
 
   
-   "  
 ,   
C
 
 ,   " ( ))/
• %
C
   ,,,










 2&   <K
• 







 S(pref )  2& K
• 







  ( 
S(pref )  2& K
• %
C
   ,   ;@< "
( )) ;5D</
&&&/ '	2%'% &	
































 a = 0.05 4A6 b = 0.35 4A6 c = 0.4
45A
6 d = 0.2 45A
6 k1 = 0.02 45A
6 k2 = 0.1 45A
6
k3 = 0.085 45A
6 V1 = 1.5 46 V2 = 0.75 46 V3 = 2
46 o1 = 2 416 o2 = 0.5 416 o3 = 3 416/ 2  
(
 x1(t) x2(t) " x3(t) 
  ),)  " 
   )
,

 ( / 2 u1(t) u2(t) "
u3(t) 4A
6   





.  ,")   x1(t) " x2(t)  "
 ) ""






















   3D
, ,/
2017 12th IEEE Conference on Industrial Electronics and Applications (ICIEA) 2087
2 1, ,
 "   
  
  




























































































	   B " C 
  

(   
" ( "
 "















  ,  
 S(pref ) (
 
 2& / 2  
# 
   "
 "    ,
 A(pref ) (
A(pref ) =
⎡





)     
# A(pref )
 λ = [−0.1951,−0.07, 0.0774] 
   





#     

(. rank(Co) = 3 ≡ n 
//   2&
 




   1"(
u = −Krefx < 
 ,



















 :!2!+ © care "  )"/ I  
"
 , Q " R  Q = CC " R =
"
(1/100, 1/100, 1/100)/
2 (""" care " ) X   )
3)
)









−(EXB+ S)R−1(BXE+ S) +Q = O , ;5H<
  )" ,
 
 7 
 S = 0 " E = I 7














)   "1, 
 








 "  
/





  λLPV,closed =
λref,closed  "  ) )   p(t)
, / ! 
 ,
  , 





2 ,  (  ( )" 
1











 rank(Ob) = 3 ≡ n 
//   
 )
((/ 	  











 Ob = C/
2  ( 
 Gref  "
" 












  ( λobs = [−40,−40,−40] ; ) 

 "
   "











I "  ) ""

 " " , 
 
 "    "
" "1   ),)/
2 " " , 
 )" ( p(t)1
","  / 2 )
  " " ,1
 
  ( )" 
 4G6 4F6/ ' ,
"
J    ( )(
  "
" "1
   )      "1











  "1  
,) )" 
Nu(p(t))r(t)/ 2)   
 " (  3)1


˙ˆx(t) = Fxˆ(t) + (Gref + (Aref −A(p(t)))C−1)y(t)
+Hu(t) ;5G<






   ) 
)
 " ,, 
"
"  " (  "
  "











2088 2017 12th IEEE Conference on Industrial Electronics and Applications (ICIEA)
5< 2  2&  Sref .   xr(t)
),)  yr(t)  , , 
pref "   
 ur(t) " (  
"(   Kref "  "
" ,K
9< 2   S(p(t)) 
) ( ;),,

    ( )"<.   xlpv(t)
),)  ylpv(t) ,  plpv(t) " 
 
 ulpv(t) " (  ,
  
   ;5F< 
 xˆ ," (
xlpvK
=<   S(p(t)) 
 ,  (1
. ("   xˆlpvobs(t) 
  
,  ( ;5D< ),)   
  ylpvobs(t) ,  plpvobs(t) 1
" (  ("  xˆlpvobs(t) "  

 ulpvobs(t) " (  , 
 






(. ("   xˆnonobs(t) 
 
 ,  ( ;5D< ),)  
   ynonobs(t) ,  pnonobs(t)
" (  ("  xˆnonobs(t) "  1
 
 unonobs(t) " (  ,
  




  )"   
 
 
/ 2  
    ),) 
 r =
[16, 2.5, 30] )    "1   
),)  ( y∞ = r/ 2 ,"
 "1 
  
 x = [8, 5, 10]/ 2 


    
  x(0) = [3, 2, 1]/ 2 


    
(  xˆ(0) = [4, 4, 4] 7 
 






  )  "




  1 
 7   

"
,,  5 
) ()     "
/
Time [min]





















‖xr - xlpv‖1, OoM: 10
−14
‖xr - xˆlpvobs‖1, OoM: 10
1
‖xr - xˆnonobs‖1, OoM: 10
0
‖xlpv - xˆlpvobs‖1, OoM: 10
1
‖xlpv - xˆnonobs‖1, OoM: 10
0








7 '"  :
)"6
2 
   "
   ,"  
/










    
    () 
 
"  )   () )   ,
Time [min]
      	 
























‖yr - ylpv‖1, OoM: 10
−14
‖yr - ylpvobs‖1, OoM: 10
0
‖yr - ynonobs‖1, OoM: 10
0
‖ylpv - ylpvobs‖1, OoM: 10
0
‖ylpv - ynonobs‖1, OoM: 10
0








7 '"  :
)"6
Time [min]
























‖pref - plpv‖1, OoM: 10
1
‖pref - plpvobs‖1, , OoM: 10
0
‖pref - pnonobs‖1, OoM: 10
0
‖plpv - plpvobs‖1, OoM: 10
−2
‖plpv - pnonobs‖1, OoM: 10
−1








/ 4': 7 '"  :
)"6





   , 
  ,,  ) " ""
C
 








   J)/ I  
  " 





) 5/   ,
   / 2 "

      2&  "    
  
   ;':  10−14<   ,

3)           
2&   "
"/ 











     
("  "






 "  C )  (  (/ 2






) =/   "
   ,  
 "




 pref         
    2& / 2 "
  
,    
 " 
) ( " 
C 
  (  (/
2017 12th IEEE Conference on Industrial Electronics and Applications (ICIEA) 2089
Time [min]


























‖uref - ulpv‖1, OoM: 10
0
‖uref - ulpvobs‖1, OoM: 10
0
‖uref - unonobs‖1, OoM: 10
0
‖ulpv - ulpvobs‖1, OoM: 10
0
‖ulpv - unonobs‖1, OoM: 10
0














  ( #




/ >/ 2 "
    
   
2&  "      
  
     2&   / -
  
    " 
   


/ 	    
     







    "
  ':  10−14/

) H/   B
   2&  

" 
) (/ 2  ,












   B
 )
   

 
  (  (/ 2  ,  
/ H
     ( "  , )
"
     "  (
,,
"   
  
  , 3)
"
   "  ( 3)
" )
   
/
	   )   ,  , 
2&  
 
   ("  





















xlpv(0) = [3 2 1]
T
xˆobslpv(0) = [4 4 4]
T
xlpv(end) = [8 4.9969 10]
T


























) H. %)   
)
 
     

 " 
) ( 4*,, "
.  ,  









"" (  ( "    
6
/ '	*&'	
2 " ,"   ( )"   "
(  








      2& /
2 
)
 )    
3)   
 
    ( ""    /
2 













,) " ),) 
 






   ),) 
#    
     ( )" (
  
(" ),) 





  ) 
/ 2 ( ," 
 ( )"  J )  







 ()  "
   /
2 ," ,, 
 































 " /  "/  !  " #$
% > "/ + % *!. %  9D5@/
496 !/ ,) & ' (/ 	 N *!. !"
 
5F@@/
4=6 M/ 2 M/ +










  ?   	 # / 5= / 5 ,,/ FE 7 595
9D5@/
4>6 M/ 2 / 	"
 " &/ %)" "/ &    ! )!
" "!  * & 5 "/ +)", -).
2,# 9D59/
4H6 !/ I
 / P) " M/ 
  	 
  '
"  5 "/ ". ,
 9D5=/
4@6 / 





 "   "
(?   	 #
/ 5= / 5 ,,/ 5E5 7 5FD 9D5@/
4E6 / I   + #, 5 "/ +)", -).
+)", *

















    '()" *

 +)", -) 9D5E
:)
,/ " ". 9D5E/
4F6 / 
 / )
 " / $  O!  ," , 
" (  
 "   
 , 1
? 
 &-&. /012 3 -""" 14! - &  -
&  -'/ & -) 
 9D5@ ,,/ GH 7 F9/
45D6 %/ +) "/   " 5 "/ '#" *$.
+)1-
 9DD5/




 *  &/ ,
1 " 5FFH/
45=6 / !/ # M/  ,
 !/ C &/ -
 !/ $  " / $ 







? 	 ' !
6! - &    - 
-'7  7 8 ,,/ 5EF75G= 9D59/
2090 2017 12th IEEE Conference on Industrial Electronics and Applications (ICIEA)
